Background -The role of cytokines in the pathogenesis of pneumonia is still poorly understood. In a previous study the diagnostic value of measuring blood concentrations of interleukin 6 and interferon y was established. In the present study the value of blood concentrations of interleukin 8, granulocyte-colony stimulating factor, and lactoferrin as markers of bacteraemic pneumonia is evaluated.
Neutrophils play a major part in the immune defence against infection by eliminating pathogens through phagocytosis and intracellular killing using oxidative and non-oxidative pathways.' Killing by the non-oxidative pathway involves release of enzymes and other substances from primary or secondary granules. Lactoferrin is a glycoprotein contained in secondary granules, it is released during neutrophil antibacterial activity, and raised circulating concentrations have been found in patients with sepsis.2 Interleukin 1 (IL-1), tumour necrosis factor ac (TNF-cx), and granulocyte-colony stimulating factor (G-CSF) are some of the cytokines that regulate neutrophil activity in severe bacterial infections,3 and all three cytokines, which are produced mainly by monocytes/macrophages, have been shown to enhance neutrophil antibacterial activity.4 IL-1 and TNF-ct also induce the production of other cytokines which have regulatory functions -for example, interleukin-8 (IL-8) -which also enhance neutrophil function. 5 The role of IL-8 in the adult respiratory distress syndrome (ARDS) and bacterial pneumonia has recently been investigated in a study of 18 patients. 6 Raised levels of IL-8 in bronchoalveolar lavage (BAL) fluid were related to a poor prognosis, whereas circulating IL-8 levels were increased in all patients and no significant correlation with outcome was found.
The present study was conducted to investigate the significance of serum concentrations of IL-8, G-CSF, and lactoferrin in patients with aetiologically well defined pneumonia or influenza A infection. The aim was to evaluate a possible clinical application of serum levels of IL-8, G-CSF, and lactoferrin as markers of bacterial infection, and to correlate the levels of these inflammatory mediators with the clinical presentation and routine laboratory parameters of the patients.
Methods
Sixty three patients with acute respiratory tract infections admitted to the Department of Infectious Diseases, Orebro Medical Center Hospital (OMCH) were included retrospectively. There were 14 patients with bacteraemic pneumococcal pneumonia, 12 with clinical and serologically proven pneumonia due to Chlamydia species, six with Legionella pneumonia, 14 with pneumonia due to Mycoplasma pneumoniae, and 17 with influenza A virus infection.
Diagnostic criteria for bacteraemic pneumococcal pneumonia were an acute clinical pneumonia and growth of Streptococcus pneumoniae in one or more blood cultures (Bactec 660 HP, Becton Dickinson, USA). Diagnostic criteria for verification of an atypical or viral aetiology were either a four fold or greater increase in antibody titres in serum samples from acute and convalescent patients or a single titre of ,s 1/40 for Chlamydia, >r 1/160 for Mycoplasma pneumoniae, and ) 1/256 for Legionella infections. Complement fixation or indirect immunofluorescence tests were used for the diagnosis of Chlamydia, Mycoplasma, influenza A virus, or Legionella infection. Antigen de- NaHCO, buffer, pH 9 5. The antibody concentration was 12 mg protein/l. The wells were then washed five times with a washing solution7 using a Delfia platewash (Wallac, Turku, Finland). A seven point standard curve from 2-0 .g/l to 100 .tg/l was constructed based upon human lactoferrin (L3770, Sigma, St Louis, USA). The serum samples were diluted 1:60 in most cases, 1:100 and 1:200 dilutions being used for the few high samples. The patient samples and the standard curve were diluted in a buffer described by Antonsen et aL8 1 00 ptl of samples and standards were pipetted into the wells in duplicate and the plate was incubated for 60 minutes. The plate was then washed four times as described above before the second incubation of 60 minutes with a horseradish peroxidase labelled sheep antihuman lactoferrin (The Binding Site, Birmingham, UK). The antibody was diluted in the wash solution to a concentration of 5 mg protein/l. After the incubation the plate was washed a further four times before the substrate incubation step. The substrate consisted of freshly prepared orthophenylenediamine (OPD tablets, Dakopatts A/S, Copenhagen, Denmark) dissolved in 0-1 mol/l citrate phosphate buffer, pH 5 0 (12mg OPD+18ml buffer + 8 il 30% hydrogen peroxide). The incubation time was 5-10 minutes and the absorbance was read at 490 nm after the reaction was stopped with 1 mol/l sulphuric acid. The recovery of serum sample spiked with 1 mg/ 1 was 85%. The within and between series imprecision was 6-9% (n= 15) and 8-7% (n = 11), respectively, at a level of 1-9 mg/l. CRP was detected using an immunoturbidometric method in routine use (BM/Hitachi 704, Boehringer Mannheim GmbH, Germany). White blood cell count was determined using routine methods.
Serum samples from 20 blood donors were used as controls. The patients' files were reviewed for clinical information. The study was approved by the local ethics committee.
STATISTICAL METHODS
As the values were not normally distributed, differences between the groups were estimated using the Kruskal-Wallis and Mann-Whitney U tests, and correlations were evaluated by the Spearman rank correlation coefficient. The Statview 4.01 (Abacus Concepts, Berkeley, USA) statistical software was used for the calculations.
Results

PATIENTS
The patients with pneumonia caused by Mycoplasma were significantly younger than the other patients. The groups with infections caused by bacteraemic pneumococcal pneumonia and influenza A virus had a significantly shorter time from onset of disease to admission to hospital than the other groups. A significant correlation was found between acute concentrations of G-CSF and maximum white blood cell count (r=0-36, p=0-01), between G-CSF and CRP (r=0A48, p<0-001), and between lactoferrin and white blood cell counts on admission (r=0-29, p<0 05). Otherwise G-CSF The serum G-CSF concentrations were significantly higher in the group of patients with bacteraemic pneumococcal pneumonia than in all other groups (p<00005) as shown in fig 1B.
Lactofemin
The patients with pneumonia had significantly higher levels of lactoferrin than the control group (p<0.05), irrespective of the causative organism. There were no significant differences between the aetiological groups ( fig 1C) .
White blood cell counts There was a significant difference in the levels on admission between the patients with bacteraemic pneumococcal pneumonia and those with Chlamydia pneumonia, Mycoplasma pneumonia, and influenza A virus infection (p<0 005). When the maximum values during the hospital stay were used for analysis the patients with bacteraemic pneumococcal pneu- 
CONTROLS
The mean (SD) serum concentration of IL-8 was 139 (287) pg/ml, G-CSF was 37 (22) pg/ ml, lactoferrin was 0-86 (0 43) mg/l, and CRP was 6 (5) mg/l. The upper reference limits for these four parameters were taken as the mean The patients with Mycoplasma pneumonia were younger than the other groups, but this difference was not associated with differences in cytokine levels. The patients with atypical pneumonia had longer delays than had the patients with bacteraemic pneumococcal pneumonia or influenza A virus infection, making it possible that acute high levels of cytokines may have decreased by the time the patients were admitted. However, the delay reflects the clinical situation and all patients were admitted to the infectious disease ward because of the severity of their condition. Futhermore, none of the patients was in shock on admission and there were no differences in body temperature.
The circulating levels of cytokines decrease rapidly after effective antibiotic therapy,"3 and treatment with appropriate antibiotics before admission might thus influence the cytokine concentrations measured on admission. In the present study only four of the 63 patients had received an effective antibiotic before admission to hospital.
In summary, patients with bacteraemic pneumococcal pneumonia had significantly higher circulating levels of G-CSF and IL-8 on admission than patients with atypical pneumonia or influenza A infection, and acute analysis of these two cytokines might thus be useful as markers of bacteraemic pneumonia. A high white blood cell count was also found to be suggestive for bacteraemic pneumonia. Analysis of serum lactoferrin and CRP showed less discriminatory ability.
